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INTRODUCTION
Cisplatin (CP) is an effective anticancer chemotherapeutic drug widely used in the treatment of various malignant tumors including head and neck, ovarian, testicular, oesophageal and small cell lung cancer and many other solid tumors. It exerts its effect by the binding to DNA and non-DNA targets and then the induction of cell death through apoptosis, necrosis or both within the heterogeneous population of cells that forms a tumoral mass (1). It however elicits nephrotoxicity, hepatotoxicity, ototoxicity, gastrointestinal dysfunction and myelosuppression which are major setbacks in its clinical use (2) . Although nephrotoxicity is considered as the dose limiting factor for CP use, hepatotoxicity can also occur at high doses (3) . The © 1996-2015 generation of reactive oxygen species (ROS) is implicated as major cytotoxic action in CP induced toxicities (4) . It generates reactive oxygen species such as superoxide anion and hydroxyl radical and inhibits the activity of antioxidant enzymes in renal tissue (5) (6) (7) (8) . Studies also reveal that oxidative and nitrosative stresses are considered the most important mechanisms involved in CP induced nephrotoxicity and hepatotoxicity (9, 10) . New treatment strategies where its toxicity could be lowered are therefore the requirement for its long term clinical use.
Riboflavin (RF) plays an important biological role because its isoalloxazine ring acts as a reversible redox-system in enzymes. Flavin mononucleotide (FMN) and flavin adenine dinucleotide (FAD) are the two important derivatives of riboflavin in mammalian cells. Studies show that the singlet excited states of aqueous riboflavin can eject e-aq (solvated electrons) (11) . The biological role of RF is many-sided and its nutritional deficiency has been implicated as a risk factor for various diseases including cancer. Its photosensitizing properties opened the way for the treatment of various diseases including cancer by photodynamic therapy (PDT) and ribophototherapy (RPT) (12, 13) . Using the recently elucidated mechanism of apoptosis induction by RF and its photoproducts in melanoma (14) and by growing evidence of RF as potential adjuvant for anticancer drugs in cell line based studies (15, 16) , we present the possible mechanisms to explain interaction between RF and CP, which leads to attenuation of CP induced toxicities.
Our lab has previously shown that RF can ameliorate cisplatin induced major toxicities in healthy mice in a dose dependent manner under photoillumination (17) (18) (19) . This study tries to explore the anti cancer and ameliorative potential of the combination of RF and CP under photo illuminated conditions in two stage skin carcinogenesis induced by using DMBA/TPA.
MATERIALS AND METHODS

Materials
Cisplatin, riboflavin, 9,10-dimethylbenz(a) anthracene (DMBA 
Animal husbandry and treatment
60 adult Swiss albino male mice of 4-6 weeks old were bought from the Central Animal House of Jamia Hamdard University, New Delhi, India. These animals were housed in sufficiently large cages and treated under humane and hygienic conditions with maintained 25+/-2ºC and 12 hours day: night cycle according to 'University Guidelines for Animal Experimentation'. The animals were acclimatized on standard pellet mice diet (Ashirwad Industries, Chandigarh, India) for 10 days before the treatment and clean drinking water ad libitum. The backs of all animals were shaved 2 days prior to the start of the experiment. DMBA/TPA was used for the induction of two stage skin carcinogenesis in Swiss albino mice. Body weights of animals were recorded at the start of the experiment followed by their weekly recording till the end of the experiment. The animals were divided randomly into two groups (Group AI, n=10 and Group B, n= 50). Group AI animals served as vehicle controls. These animals received acetone (200 µl /mouse) application only. Group B animals received a single topical application of DMBA in acetone (50 µg/200 µl acetone/mouse) and a week later was followed by TPA in acetone (5 µg/200 µl acetone/mouse) twice weekly till the end of the experiment. Papillomas that had diameter greater than 2 mm were considered positive. Group B that showed 100% tumor incidence by 21 st week when it was further divided into 4 groups which, they were named as -group B I (Positive control), group BII (treated with riboflavin at the dose of 2 mg/kg bodyweight), group BIII (treated with cisplatin at the dose of 2 mg/kg body weight). The group given the combination of CP and RF was named as group B IV (treated with the dose of 2 mg/kg body weight of CP and with 2 mg/kg body weight of RF). Parallel to this an additional combination group BIV' was maintained without whole body photo irradiation. © 1996-2015 Group AI and Group BI were injected with saline only in equal volume of the dose given to the treatment groups. Full body irradiation under fluorescent light (Philips, India) kept at ~10 cm distance at fluence rate of 38.6. W/m 2 for 12 hours daily during daytime was given to all animals. 1 ml syringe using saline as vehicle solution was used for dosing the animals intraperitoneally. RF was injected ½ hour prior to CP in the combination treated groups. The mice were given a daily injection for 3 days followed by a gap of a week; then again a daily dose for 3 days with a week gap and finally 3 more daily injections were given. These treatment cycles were named as T1, T2 and T3 respectively. The treatment strategy, dose and the duration of treatment were chosen carefully keeping in mind the current chemotherapy regime followed during the treatment of cancer patients. Group B I was taken as the tumor positive control for comparison with all other groups. All the animals were sacrificed by cervical dislocation method on the next day to the final dose given.
Preparation of samples
The blood was allowed to clot for sixty minutes and was centrifuged at 2500rpm (1500g) for 10 min to collect their serum which was later stored at low temperature. After the sacrifice, their kidneys, livers and non tumor /tumor skin were washed with ice-cold saline buffer. Each sample was cut with sterilized blade into two parts: quarter portions of kidney and liver and skin tumors were washed with phosphate buffered saline (pH 7.4.) and fixed in 10% formalin for histhopathological studies and the rest of the portions were kept for biochemical analysis were also homogenized separately at 5000 rpm (3000 g) in potassium-phosphate buffer (pH 7.3.6, 0.1. M) and their supernatants were taken out for biochemical estimations. Also 1 ml of homogenate of each mouse was stored for GSH and MDA estimation. After this the samples were labeled and stored at -20ºC for analysis.
Histopathological processing
The tissues in formalin were processed for paraffin embedding. These were then cut into sections of 7 μm thickness by using a rotary microtome and were stained with hematoxylin and eosin and examined under a light microscope (magnification ×400). Counting of cells was done manually under light microscopy from 5 randomly selected sections. The cells with distinct boundaries and with distinct nuclear membrane were counted as normal cells. Indistinct nucleus and sparse cytoplasm were taken as indicators of necrosis.
Cells with withering or completely disappeared nucleus were considered as apoptotic cells. Grading of skin cancer was done as per guidelines laid-down by American Joint Committee on Cancer.
Biochemical estimations
Standard protocols were used to assay the activity of different antioxidant enzymes. Cu Zn superoxide dismutase (CuZnSOD) was assayed by autoxidation of pyrogallol (20) while that of catalase (CAT) was done by decomposition of hydrogen peroxide (21) . Glutathione reductase (GR) activity was carried-out by the method involving oxidation of nicotinamide adenine dinucleotide phosphate reduced (NADPH) into nicotinamide adenine dinucleotide reduced (NADP+) in presence of oxidized glutathione (22) . The activity of glutathione-S-transeferase (GST) was measured by Habig et al. method (23) . Levels of lipid peroxides were estimated by using the method of Ohkawa et al. (24) . The level of reduced glutathione (GSH) was estimated by method of Jollow et al (25) . The level of urea was measured according to the method of Berthelot end point assay (26) using commercially available diagnostic kits (Span Diagnostics Limited, India) and creatinine was estimated in the serum using alkaline picrate method of R.W. Bonses and H.H. Taussky (27) by the commercially available diagnostic kits (Span Diagnostics Limited, India). The activity of glutamate oxaloacetate trasaminase (GOT) and glutamate pyruvate transaminase (GPT) in the serum was assayed by commercially available estimation kits (Span Diagnostics Limited, India) based on Reitman and Frankel method (28).
Statistical analysis
Statistical analysis was performed using One ANOVA way on GraphPad Prism version 5.0.2. All data have been expressed as mean +/-SEM. Multiple comparisons between groups were determined with the Tukey test. Differences were considered significant at p<0.0.5. The treatment and experiments were repeated thrice to check the reproducibility of the results.
RESULTS
Effect of treatment on body weight and tumor volume
Animals had body weights that ranged from 25.4. +/-1.9. g to 26.7. +/-1.8. g at the beginning of experiment. By the end of the experiment the all animals had gained weight when compared to their initial weight. The Cisplatin treated group showed © 1996-2015 significant loss in body weight when compared to positive control group (Group BI). Group BIV that is the combination group under photoillumination shows maximum recovery of body weight when compare to all other groups. Male Swiss Albino mice showed the onset of papillomas (.2 mm) at 9 weeks in DMBA/TPA-treated mice (group B). Total tumor incidence was seen from 21 st weeks onwards after which the group B was further divided according to treatment strategy. No tumor formation was seen in the vehicle-treated control group AI. Table 1 shows the tumor volume in mice after treatment with RF, CP, and combination of both. By the end of the experiment there was a considerable increase in tumor volume of positive control group BI animals when compared with RF, CP, and combination treated groups. RF and CP treated mice showed reduction in tumor volume when compared with positive control group BI. CP treated animals showed more reduction in tumor volume as compared with RF treated animals. However, RF in combination with CP under photoillumination showed maximum reduction in tumor volume as compared to CP alone treated mice. The reduction in tumor volume was less pronounced in the combination group without photoillumination. These finding suggest us that combination of RF and CP under photoillumination is more effective than individual treatment therapies.
Effect of treatment on antioxidant enzymes
The major antioxidant enzymes-CuZnSOD, CAT and GR were assayed in liver and kidney samples. It was observed that vehicle control group AI that received no treatment showed maximum activity of all the enzymes (Figure 1) . The specific activity of all the enzymes decreased in the group BI, which was the tumor induced group. Also the activity of enzymes decreased most significantly in group BIII the CP treated group. The RF treated group BII showed a mild decrease in the activity of the antioxidant enzymes when compared to group BI. The combination treated groups BIV and BIV', showed increase in activities of SOD, CAT and GR in kidney, liver samples and skin tumor samples, however the recovery of antioxidant enzymes was maximum in combination group under photoillumination.
GST activity was taken as a toxicity marker in target organ because of it being a major detoxifying enzyme. This enzyme showed a visible decline in group BI .Group BIII showed an overwhelming decrease in kidney, liver and skin tumor samples when compared to group BI (Table 2) . However, the groups BIV and BIV', which are the combination treated group showed an increase in its activity in all the tissues.
Effect on the levels of MDA and GSH
The level of MDA was elevated in group BI showing an increase in kidney, liver and in skin tumor samples when compared to AI (Table 2 ). However, the increase was most significant in group B III, where it was the highest when compared to all other groups. The MDA levels decreased in the combination treated group BIV and BIV', however the decrease was milder in group without photoillumination when compared to the group BIII. GSH levels are also affected by tumor induction showing a decline in group BI when compared to group AI. In group BIII the level of GSH showed maximum decline in all the tissues when compared to group BI. The combination treated group BIV showed a significant recovery in all the organs, while its counter group without photoillumination showed lesser recovery ( Table 2) . 
Effect of treatment on kidney and liver function markers in serum
Urea and creatinine were taken as nephropathy markers; there levels were found to be highest in cisplatin treated group BIII when compared to all the other groups ( Figure 2 ). The graph depicts significant nomalisation of these markers in Group BIV when compared to Group BIII. This graph depicts that the liver function markers are elevated in the serum in the tumor induced group when compared to group AI. The glutamate oxaloacetate transaminase (GOT) and glutamate pyruvate transaminase (GPT) levels were highest in the group BIII, showing hepatotoxicity caused by long term CP use (Figure 2) . The RF-CP combination treatment showed their inclination towards normal when compared to CP treated group BIII. The combinationtreated group BIV without light exposure also showed similar recovery patterns but the results were not as significant as its counterpart under photoillumination (Group BIV). 
Histopathology of mouse kidney, liver and skin
In group AI control mice, kidney histoarchitecture was found to be normal but in DMBA/TPA treated group BI alterations of renal histological structures were seen (Figure 3) . Hematopoietic tissue and dilatation of tubules is clearly visible. The kidney section of RF treated group BII was found to be slightly better with lesser dilatation. The histomicrograph of kidney of CP treated group BIII showed structural features of acute tubular necrosis characterized by swelling. Degeneration, inflammatory cell infiltration, lesser cell density, vacuolization and loss of architecture of tubules were also seen in this group. The combination treated group BIV depicted renal tubules as normal comparable to the control, as no necrosis is seen here with minimum damage in tubules. No significant change was seen in group BIV' (Not shown).
The histopathological examination of the liver of vehicle control group AI mice showed normal appearance of hepatocytes (Figure 4) . The treatment of mice with DMBA/TPA in group BI showed mostly normal histology with the aggregation of mononuclear cells in hepatic parenchyma and mild necrosis. The liver histomicrograph of RF treated group BII appeared to be slightly better when compared to positive control group BI. The liver section of CP treated group showed hemorrhages with rupture of sinusoids and broken central vein, majorly indicating necrosis. Group BIV treated group revealed structure which was closely comparable to the control group AI, with mildly swollen sinusoids. Group, BIV' without whole body photo radiation did not show any significant change when compared to CP treated group (Not shown).
The histopathological features of skin in the different treated groups are shown in Figure 5 . The vehicle control group AI showed normal appearance of the epidermis and dermis of skin. DMBA/TPA treated group BII or the positive control showed squamous cell carcinoma with dysplasia and keratin pearls. The RF treated group BII showed features comparable to positive control group BI, but with lesser hyperplasia. The CP treated group BIII, showed severe degeneration and necrosis. The combination treated group BIV showed lesser degree of dysplasia and hyperplasia.
After qualitative histopathological assessment, semiquantitative analysis was performed by counting cells on five randomly selected sections of tissues of kidney, liver, and non tumor/tumor skin cells (Figure 6 ). The cells per renal tubular epithelium were taken as the parameter to count the cells in kidney as its parenchyma contains diverse range of cells. Cells having necrotic features were highest in CP treated group BIII, followed by tumor induced group BI. Cells undergoing apoptosis were maximum in combination treated group BIV, this group also had minimum cells undergoing necrosis. Hepatocytes in a section were analyzed because of uniform cellular arrangement; the results followed a pattern similar to kidney tissue sections. In skin squamous cells were analysed, as DMBA/TPA causes squamous cell carcinoma. The number of normal cells declined in tumor induced group BI, which also showed necrosis. Highest necrotic cells were seen in CP treated group BIII, however the treatment with a combination of RF and CP under photoillumination caused maximum apoptosis and an increase in normal cells when compared to CP treated group. 
DISCUSSION
CP has been one of the most widely prescribed antineoplastic agents for the treatment of various cancers and solid tumors in human for nearly over three decades. Its clinical use is restricted or discontinued because of its associated side effects like nephrotoxicity, hepatotoxicity, neurotoxicity and ototoxicity during prolonged chemotherapy. Our present work is the first study that has shown the blunting effect of CP-RF combination under photo-illumination on the toxicities induced by cisplatin in two -stage mouse skin carcinogenesis induced by DMBA/TPA. The two-stage mouse skin carcinogenesis is one of the best characterized procedures and represents a well-suited model for the understanding of the multistage nature of the tumor formation. Studies show that a moderate increase of reactive oxygen species (ROS) may induce cell proliferation while excessive amounts of ROS can cause oxidative damage to lipids, proteins, and DNA, provoking oncogenic transformation, increased metabolic activity, and mitochondrial dysfunction (29) (30) (31) . Many reports suggest that cancer cells are under a continuous oxidative stress (32) (33) (34) . This was shown by the decreased activities of antioxidant enzymes, reduced levels of GST and GSH and elevated MDA, in the tumor induced group BI when compared to the vehicle control group AI. The higher oxidative stress observed in cancer cells may also result from the decrease in the levels or inactivation of antioxidants (35) (36) . The toxicity of CP is considered to be initiated by free radical production which caused the depletion of glutathione and inactivation of antioxidant enzymes (37) (38) . GSH is thought to provide the first line of defense against CP induced toxicity by intercepting reactive platinum complexes before they can react with DNA and by supporting DNA repair through stabilizing the repair enzymes (39) . The sharp decline in the level of GSH following treatment with CP leads to loss of integrity and selectivity of membranes of cell and their organelles. CP also exerts its cytotoxicity by forming drug-DNA adducts which can cause programmed cell death ultimately. However if the damage to cellular membrane becomes excessive it causes toxicity. It is interesting to point out that apoptosis and necrosis have been frequently observed in the same population of tumor cells treated with CP (40) . Studies show that mode of cell death is decided by factors such as the availability of energy and the metabolic condition of the cell post CP treatment. Urea and creatinine levels are the index of nephrotoxicity (41) . The combination of CP with RF significantly reduced cisplatin induced nephrotoxicity by lowering the levels of urea and creatinine. The treatment also affected the status of liver as evident by decrease in the level of liver function markers in serum. These results were complemented by qualitative and semiquantitanive histopathological studies. Also our initial data of MTT assay and immunoblotting (unpublished data) show that the antitumor activity is increased when CP is given in combination with RF. RF is also an apoptosis inducer and has been used as an adjuvant in treatment of wide variety of diseases including cancer (42) . Our results also show that RF is also an stress inducer as shown by the levels of antioxidant enzymes, lipid peroxidation and functional markers. Various line of evidence suggest that under high level of stress, as that caused in cancer, RF can induce apoptosis via Fas-Fas ligand-mediated pathway involving caspase activation (43) . Hence, treatment with RF promotes the involvement of autophagy mediated cell death along with intrinsic and extrinsic pathways of apoptosis. Hence, triggering three modes of cell death at the same time may be the reason of improved cell death by RF. Epidemiological studies show that low level of RF increases the risk of cancer (44) . A recent study reveals that photoillminated RF decreases the aggressiveness of melanoma B16F10 cells in vitro and in vivo and decreases their survival by hindering mTOR as well as Src kinase. These reactions may occur without light as shown by our results but a stronger and more significant effect is seen under photoilluminated conditions because of increased proclivity of RF. In our case it appears that the free radicals generating potential of CP was quenched when given in combination. Probably CP and RF act synergistically to induce apoptosis. Our previous work also indicates that RF possibly undergoes enolization under photoillumination yielding its more reactive form (17) . On the other hand, CP undergoes aquation reaction in water that ultimately forms diammoniumplatinum oxide. The Light exposure can cleave the π-bond (between Pt and oxygen of diammoniumplatinum oxide) in heterolytic fashion, making Pt an electron deficient species (Pt+). This highly unstable species can attack the lone pairs of electrons of nitrogen atoms of the isoalloxazine ring of RF. Thus, Pt+ can form four possible complexes through co-ordination bonding thereby engaging most of CP and RF in combination. Thus the excitable electrons in isoalloxazine ring of RF interact with CP at molecular level and which leads to suppression of the prooxidant potential of RF as well as decreased production of ROS by CP. Also stress level may come down to the level where apoptosis and autophagy are preferred over necrosis in the combination treated group as shown by the histopathology results indicating synergistic anti cancer role of RF and CP. Our results demonstrate the role of photoilluminated RF as a strong therapeutic adjuvant for alleviation of CP induced toxicities. Thus, modulation of cellular hepatotoxicity and nephrotoxicity induced by CP using photoilluminated RF can be employed as a complementary strategy to combat cancer in future.
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